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Phases of Response and Recovery to a Biological Incident 

Response and Recovery* 

Crisis Management Consequence Management 

Notification First Response 

Remediation/Cleanup 

Characterization Decontamination Clearance 

Receive information on 
biological incident 

Identification of suspect 
release sites 

Notification of 
appropriate agencies 

Initial threat 
assessment 

HAZMAT and 
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investigation 

Public health actions 
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Determination of 
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concentration, and 
viability 

Risk communication 

Characterization of 
biological agent 
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affected site 

Site containment 

Continue risk 
communication 

Characterization 
environmental sampling 

and analysis 

Initial risk assessment 

Clearance goals 

Decontamination strategy 

Remediation Action Plan 

Worker health and safety 

Site preparation  

Source reduction 

Waste disposal 

Decontamination of sites 
or items 

Decontamination 
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Clearance 
environmental 
sampling and 

analysis 

Clearance 
decision 

Taken from Planning Guidance for Recovery Following Biological Incidents, May 2009, EPA/DHS 

Blue, NIST historical presence 
Red, Current NIST program expansion 
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Framework for a Biothreat Field Response 
Mission Capability 

Develop guidance to first responders for the 
biological assessment of suspicious powders 

• Interagency effort involving DHS, CDC, FBI, and 
EPA 

• Defines Critical Elements of a Mission Capability 
(a.k.a., an Actionable Assay – the Onion) 

• Outlines the accomplishments and remaining 
gaps 
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https://www.rkb.us/ 
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Phase 1 of Response: Collection and Transport of 
Suspect Material to the Lab 

4 
Extraction Assay Integration 

Assay Integration and 
Communication of Results 

Sample Collection 

Packaged for 
Laboratory 

Analysis 

ASTM 
E2458-10  
Method A 

ASTM 
E2458-10  
Method B 
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ASTM E2458 Collection of Suspicious Powders 
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Method A – Bulk Sample Collection Method for Laboratory Analysis 
• Method for collection of bulk of visible suspicious  

powder on nonporous surface 

• Ensures sufficient sample is available to Laboratory Response  

Network (LRN) reference laboratory for confirmatory analysis 
 

 

Method B – Swab Sample Collection for On-Site Analysis 
• AFTER Method A applied, residual powder can be collected from surfaces  

• Sample can be used for on-site biological assessments 

 using biothreat field detection devices 
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ASTM E2770 Operational Guidance 
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Standard Guide  - provides operational guidelines for 
initial response to a suspected biothreat agent 
• Fundamentals for response planning to assure proper involvement, 

communication and coordination between key players in a 
jurisdiction 

• Minimum training and PPE requirements for field personnel 

• Guidance for risk assessment process to determine if visible powder 
should be deemed a biological threat 

• Guidance for threat evaluation process in conjunction with law 
enforcement representatives (including FBI) for determination of 
threat credibility    
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Process Coordination  
ASTM Standards E2770 and E2458 

7 
7 

Initial sample 
screen, minimizing 

consumption 

Communication of 
results to Law 

Enforcement and 
Public Health 

Decision to 
collection with 
ASTM E2458 1 

2 

3 
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Initial Response Guidance and Collection Method 
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Phase 2 of Response: Characterize Sample 
Collection Performance  
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Current State-of-the-Art 
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• Deposition method: liquid, aerosolized  

 (Ref method = 95% ETOH) 

• Wetting agents: Water, PBS, +/- Surfactant 
• Controlled Substrata: nonporous, carpets, porous 
• Collection Method: wipes, swabs, vacuums 
• Collection Material: rayon/polyester, rayon, cotton 
• Processing Method: sonication, vortexing, stomacher 
• Reporting: +/- Growth, qPCR, reference coupons 

In 90+ papers dated 1964 to 2012  
Collection Efficiencies Range from 7 to 87% 

CDC Validation data, 2009 

High Degree of Variability in Sample Collection Data  
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Optimization of Sampling 
Method 

• Environmental Conditions 
• Sampling pressure and velocity  
• Mass balance on material for loss evaluation 
• Wipe and substratum material interactions 
• Post-decon impacts on wipe efficiency 

Integration 
with Detection Technology 

Deposition method 
optimization 

• Re-aerosolization 
• Suspension stability 
• Viability  
• Quantity  

 
• Solution conditions 
• Deposition conditions 
• Material interactions 

 
• Optimization of removal from wipe  
• Interference with detection technologies 
• Post-decon impacts on wipe extraction 

Microbial 
Sample 

Challenges to Collection Performance 



Controlled Pressure 
and Environmental 

Conditions 
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Study Approach 
Surface sampling approach described in the literature. 

  

Study 3 
Extraction step 
B. cereus, E. coli and B. thailandensis 

PBS 
DI Water 
Tween 80 
PBST 
MRD 

Study 2 
Collection  step  

Surface: Glass and Stainless steel 
Relative humidity: 45% and 75% 
Wetting agents: PBS, PBST, Tween 80 and DI 
     water 
Wipe materials: Polyester, cotton and 
     polyester-rayon 

Study 1 
Extraction step 

B. anthracis Sterne spores 

PBS 
DI Water 
Tween 80 
PBST 
MRD 
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PDM, Physical Dissociation Method 
PBS, Phosphate Buffered Saline 
T80, 0.04% Tween 80 
~2x104 spores/wipe 
 
4161 replicated full factorial design, 24 combinations, each combination was replicated 
for n =264 as the total observations. 
 

PDM Solution Poyester-rayon

Sonicate  H2O  65.6 .(14.2) 51.5 .(14.7) 39.8 .(16.9) 65.5 .(16.9)

Sonicate H2O  T80 89.1 .(11.2) 77.2 .(14.3) 74.9 .( 9.3) 88.5 .(15.1)

Vortex  H2O  87.1 .(15.3) 68.3 .(13.2) 83.3 .(24.4) 88.9 .(27.2)

Vortex H2O  T80 90.5 .(17.9) 96.4 .(13.0) 102 .(14.1) 96.6 .(15.4)

Vortex PBS 8.7 .( 3.6) 9.8 .( 3.3) 3.1 .( 2.2) 10.4 .( 6.1)

Vortex PBS T80 99.0 .(12.9) 101 .( 9.8) 91.9 .(23.5) 110 .(12.2)

Control

Extraction Recovery % (SD)

Cotton Polyester

Method

Study 1 – B. anthracis spores Processing and Extraction 
Performance 
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Study 1 – B. anthracis spores extraction 

Da Silva SM, Filliben J J and Morrow JB., 2011, Appl. Environ. Microbiol., 77(7), 2374-80.  
 

Sensitivity Analysis 

Extraction solution was the most important factor affecting recovery of B. anthracis due 
to interactions with centrifuge tubes explained by interfacial energy.   



Extraction and Recovery Performance: 
Interfacial Energy Impacts 

Solutions with surfactant dramatically increased 
recoveries due to the interaction between the 
surfactant and the centrifuge tube wall 
preventing spore adhesion. 
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Study 2 – B. anthracis spores collection  

Surface 

(Factor 1) 

Wetting  agent 

(Factor 2) 

Relative Humidity 

(Factor 3) 

Wipe 

(Factor 4) 

Glass PBS 45% Polyester 

Stainless steel PBS + 0.04% Tween 80 (PBST) 75% Cotton 

Sterile water Polyester-rayon 

  0.04% Tween 80 

Stainless steel glass 

Slip/Peel tester 

~200 spores deposited per 1.2 cm2 surface 
Full factorial design (4x3x2x2) , 48 runs with additional selected runs to provide replication 
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Factors Impacting Recovery Performance 
Mission Capability 
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• Surface: Glass and steel 

• Relative humidity: 45% and 75% 

• Wetting agent: PBS, PBST, Tween 80 and DI water 

• Wipe: Polyester, cotton and polyester-rayon 
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Study 2 – B. anthracis spores collection  

Surface substrate 

Glass recovery was higher for 17 
out of 24 combinations (p=0.0113) 

Roughness (Ra) 
Glass = 0.0018 µm 
Steel = 0.1628 µm  

Wetting agent: T80, H2O, PBS, PBST (p  0.05) 
Relative humidity: 45% and 75% (p  0.05) 

Wipe: polyester, cotton and polyester-rayon (p  0.05) 
 

Rank analysis: T80, Glass, 45%RH and Polyester-rayon provided the best result 
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• Produce guidance for the first responder community for sampling 
surface contamination. 

• Understand the nature of uncertainty in recovery measurements in 
order to enhance performance of current methods. 

 Goal: Understand parameters that affect biological surface 

sampling relevant to public health and biodefense.   

Motivation? Low recovery efficiencies and lack of 
standard methods  for biological sampling   

Sampling Program Summary 

• Produced guidance for the first responder community for 
collection of suspected biothreat agents  

– ASTM E2770 and E2458 

– Joint publication with NIOSH on sampling from porous and 
carpeted surfaces, NIST TN 1776 

– Field Operational Exercises  

– Collection App  http://webpub.nist.gov/suspiciouspowders 

• Published sources of uncertainty in sample collection procedures 
to enhance confidence in the current technologies and protocols 
(recovery efficiencies for B. anthracis spores, vegetative B. cereus, 
E. coli, Burkholderia thailandensis)  

 Da Silva et. al. JAM, 2012, accepted 

 Downey, et. al. AEM, 2012, 78(16):5872-81 

 Da Silva et. al. AEM, 2011, 77(7), 2374-80 
 

  

http://webpub.nist.gov/suspiciouspowders
http://webpub.nist.gov/suspiciouspowders
http://webpub.nist.gov/suspiciouspowders
http://webpub.nist.gov/suspiciouspowders
http://webpub.nist.gov/suspiciouspowders
http://webpub.nist.gov/suspiciouspowders
http://webpub.nist.gov/suspiciouspowders


Areas of potential impact and future 
measurement challenges  

Sampling the Indoor Environment 
Workshop, February 14-15, 2011 
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Surface swiping 
(wipe/sled)

Wipe 
extraction

spores

filtration 

Extraction-A

Filtration 

LB agar

LB agar

Deposition Removal

Extraction-B

glass
extraction

NIST Analytical Approach 

Well characterized aqueous 
bacterial suspension  

Microscopy characterization 
of deposited bacteria 

Wipe surface 
using 
crockmeter in 
environmental 
chamber   

Enhanced extraction efficiency by 
solution chemistry manipulation  



           Interactions 

G131
a,b  (mJ/m2) 

BA spores (1)c, BA spores (1)c 31.68 

BA spores(1)d, BA spores (1)d 33.76 

G132 (mJ/m2) 

BA spores(1)c,  polypropylene(2) -9.25 

BA spores(1)c, Polyester(2)  4.34 

BA spores(1)c, Cotton(2) -8.49 

BA spores(1)c, Polyester-rayon(2) -16.87 

G132 for Tween 80 surface filmse 

Tween 80  

head 

group(2) 

Tween 80  

tail group(2) 

BA sporesc(1)   21.5 6.99 

Polyester(1) -17.98 -53.99 

Cotton(1)  4.17 -7.15 

Polyester-rayon(1)  -44.91 -71.05 

Polypropylene(1) -36.6 -75.28 
aInterfacial energy subscripts are denoted. b G<0 is attractive,  G 0 is repulsive.  

c BA spore surface tension measured in deionized water (Table 2). d BA spore surface tension measured in PBS buffer . 

eInterfacial energy calculations were performed for surfaces with Tween 80 moieties exposed at the interface 

Calculated interfacial energy, G, for surface 1 and surface 2 immersed in water (3). 

 


